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Electrocardiograms of Nine Species of Nonhuna IL v
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SUMMARY Materials and Methods seen, with occasional sinus arrhyth-

Electrocardiograms were studied One hundred cynomolgus macaques mia noticed only in rhesus macaques

in nine species of nonhuman primates (Macaca fascicularis 100 squirrel mon- (3 of 25). The arrhythmia was seen at
sedated with ketamine hydrochloride, keys (Saimiri sciureus), 100 African green slower HR of 126 to 156 beats/minute.

vha ues er im. monkeys (Cercopithecus aethiops), 70 Results arel summarized (Table 1).
Electrocardiographic valuesowere sir- stumptail macaques (Macaca arctoides), The ECG of a normal African green
ilar in all species although heart rate 50 patas monkeys (Erythrocebus patas), monkey is shown (Fig 1).
and other rate-related values (QT and 25 rhesus macaques (Macaca mulatta),
PR intervals) werebspecies-dependent. 13 capuchin monkeys (Cebus apella 9 Heart Rate-The mean HR of the

Arrhythmias were infrequent. Keta- bonnet macaques (Macaca radiata), and rhesus, bonnet, cynomolgus, and pig-
hydchidre inot. pea 8 pigtail macaques (Macaca nemistrina) tail macaques were similar, being 178

mine hydrochloride did not appear to of both sexes were used in this study. ± 29, 193 ± 26, 203 :1 29, 209 ± 30induce marked alterations in the ECG The patas,, stumptail, African green, beats/minute, respectively. The mean
of primates, and squirrel monkeys were maintained in HR of the stumptail macaques (156 ±

1 the primate colony .at Litton Bionetics, 19) was significantly lower (P < 0.01)Kensington, Md. The other species were than was that of the other Macacemaintained at the US Army Medical. Re- tha s Tht of Africanrgreea,search Institute of Infectious Diseases, spp studied. The HR of African green,
Frederick, Md. The animals were fed a capuchin, and squirrel monkeys were

Information is available on the commercial diet' and water ad libitum and 181 ±t 41, 230 + 27 and 250 + 44,
normal ECG of several species of sub- were considered to be healthy at the time respectively. The patas monkeys had
human primates,| '2 but is scanty 1:-16 of study. a much lower HR of 152 ± 24. 4
or lacking for other species. Normal The animals were sedated with 10 mg

of ketamine hydrochloride"/kg of body Mean Electrical Axis-The MEAE.CG for nonanesthetized primates': w"..
C fnd oanesthetized pites. weight IM and a six-lead Eco (leads I, 11, of all the species studied were notphencycsidineshdrocizdethher, III, aV, aV,., and aVp) was recorded.' significantly different (P > 0.01). Thephencyclidine hydrochloride," ' thio- Tracings were standardized at 1 cm =

pentone sodium,' - and sodium pen- lmV, and the paper speed was set at 50 mane fr t fv Meg spp
tobarbital2  have been reported. Little mm/s. Tracings were analyzed for heart ranged from 54 to 69 degrees. Of the
data are available on the ECG of pri- rate (HRI), mean electrical axis (MEA), P- cynogu mnk + ad a0%
mates sedated with the commonly wave amplitude and duration, PR interval, between + 40 and + 90 degrees; 704
used drug, ketamine hydrochloride.7 R-wave amplitude, QRS duration, and QT between + 60 and - 90 degrees. The
Ketamine has been studied at differ- interval. Lead 11 tracings were used for range was + 150 to.- 60 degrees. A
ent dosage levels and routes of admin- wave voltage measurements. tendency toward left axis deviition
istration with only minimal cardiovas- Mean ECo values for each species were was seen in this species because 11 %

compared with all other species, using the of the cynomolgus macaques had acular effectse"" least significant difference procedure; the MEA of + 30 degrees or less.The purpose of the present report level of significance set at P - 0.01. The The MEA for the African green
was to study ECG values of nine spe- slope of HR vs QT interval and the confi- monkeys was directed more to the left

m cies of subhuman primates sedated dence interval were computed for each than were the MEA for the other ape-
.. with ketamine. Data are compared species. Those species with similar slopes cnes studied (mean, 47 ± 27 degrees),
• with findings in those species preyi- (P = 0.001) were combined, itd29 d ben + 30 degrees , l

C.> ously reported. with 29% being + 30 degrees or less.
In this species, only 52% had MEA

Ek Results between + 60 and + 90 degrees. The
_/ General- Significant sex or range was + 90 to - 67 degrees.

RLeeived for #ication June 11, 1979. weight differences were not seen in The mean MEA of the patas mon-
From the U1S Army Medical Research Institute ECG patterns within the species stud- keys was directed more to the right

of Infectious |)ieases. Fort Detrick, Frederick, MD led than were the MEA for the other ape-
21701 (older. Lol P. and Litton Bionetics. Kensing .
ton. MD 2079 (Gard). Dr. Gonder's present address Normal sinus rhythm was usually cies (75 + 15 degrees). The range was
is W76 Sunny Vale Dr. DeForest, WI 5.3n. + 15 to + 90 degrees, 96% being be-

Addressreprint requests to Mr. Edgar Larson, tween + 60 and + 90 degrees.
Aerobiology Divimion. US Army Medical Research 'Ralston Purina Co, St Louis, Mo.
Intitutt of Ilnftious Diseases, Von Detrick, Freder- 'Ketalar, Parke, Davis & Co. Detroit, Mich. Right axis deviation (MEA > 90
ick, MI) 21701. Model 5, Burdick Corp. Milton, Wis. degrees) was seldom seen. Four cy-
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TABLE I1-Electrocardiography of Nie Species of Nonhuman Primatea
P-Wave

"a3 KEA Amplitude Dluration PHt k-Wave am- QRS4 QT
Siteaaa Wn ibeats/min) (dereea) (mY)- (al- interval ca) plitude (mV I durtu at W-interval (al

Mocac. f(eucaclrt (0) 203 ±29 65 ±22 0.16 ±0.05 0.03 ±0.01 41.06± 0.01 0.7±t0.3 0.03t±0.01 0. 19 t.0M
M afroldes (70) 156 * 19 54 ± 25 0.04 ± 0.03 0.02 ± 0.01 0.09 ± 0.01 0.3%~0.2 0.03 ± 0.01 0.22 ± 0.02
M nmadatta (25) 178 ± 29 69 t 16 0.20 ± 0.05 0.04 ± 0.01 0.09:t 0.03 0.A t 0.3 0.03 ± 0.01 0.20:t 0.02

M radiala (9) 193 ± 26 54 ±t 2:3 0.318 * 0.07 0.03 ±t 0.01 0.06 ± 0.011 0.6.± 0.2 0.03 ± 0.03 0.3 IS: 0.02
M nemrstrina (8) 209 ± 30 480 ± :32 0.37 ± 0.05 0.A) ± 030 0.07 ± 0.01 0.5 ± 0.2 0.032 :t 0.03 0.316 :t 0.02.
Spimirs wururus 3100)) 250 ± 44 .54 ± 22 0.37 ± 0.05 0.03 * 0.01 0.06 ± 4.01 0.9 ±t 0.4 0.432 ± 0.013 0.351±04.03

('i-n pithecus arthips (34M4) 363 ± 41 47 ± 27 (0.39 ± 0.09 0.403 ± 0.03 1.009 ± 0).03 3.2 :t 0.6 (3.03 ± 40.0) 0.39 ± (1.03
Erythrfaebas patas M50 362 ± 24 75 ± 15 (3.231 ± 0. 10 (ON ± 01) 44.3 I± 0.03 1.4 ± 0.3 Offl3± 0.01 0.21 ± 33.02
Cebus apedla 43:3) 2:0 ± 27 584 ± 3 (3.35s ± 0.32 0.03 ± (0.03 (004 ± 43403 0.9 ± 0.3 43.02 ± 0)403 44.15~ ± 03.03

Data are- expressed as me-an ±w n~.it - heart rate; ME.A -mean eletrical axis; n tit). of animals.

Both were significantly different fromI II IIIdurations in other species which had
-7-mean P-wave durations of 0.03±

.. 0.01 5.

PR Interval-The AV conduction
time was shortest in Squirrel monkeys

- -. (0.06 ± 0.01 s) and longest in patm;
0 monkeys (0.11 ± 0.01 s). The PR in-

.. .. ......... terval tended to increasewt e

creased heart rate.

'77 -77~..L. R- Wave-The average R-wave

.. the species studied. The stumptail
:7. macaques had low voltage tracings

(0.3 ± 0.2 mV). but these values were
not significantly different from the
values in other species. The maximum
H-wave amplitude in this species was
0.7 nmV; CA% were less than 0.4 m.

OVROVLOV The other macaques had R-wave am-
OV V-' plitudes ranging from 0.5 to 0.8 mV.

-~ The squirrel and capuchin monkeys

J77 had R-wave ampllitudes of 0.9 mV.1- . -- - ... . The African green and patas monkeys
I had the highest average R-wave am-

...... X- - -plitude of 1.2 ±0.6 and 1.4 ±0.3 mV.

-~ I- ~respectively.
I the QRS (omplexes varied little in the

-} f different species. The pigiail. capu-

._ .I. . .... . durations of 0.02 ±0.01 s. The other
__ -I Lspecies had QRS durations of (0.03±

0).01 s. The range of the means of all0 species was from 0.01 to 0.04 s. (One
Fig I -An 1Ccc Of a clinically normal African green monkey. Paper speed 50 mm/s. I cm I cyllomoigus macaque had a (IRS du-
mV rat ion of 0.06 s. Several monkeys with

longer QRS complexes (0.4 o )(K; o si
nomogusmacaueshad EA reatr Lw vltag trcing wee chracer- had complexes characterized by ' v-ide,
nomogusmacqile ha MFA grate Lo votagetraing wer chracer- slurred S waves in leads 11. Ill. and

than + 90 degrees, three with + 120 istic of all stunmptail macaques. Tihe aVv. In these monkey-s. the MEA Was
degrees, and one with + 150 degrees. range of the P-wave amplitude was dircted to the left ((1 to - 60 degrees).

0.05 to 0.15 mV. P pulmonale ( > 0.4
P. Wave-The P-wave amplitude mV) was noticed in 46'"4 of (he capu- QT Inter 'al-The mean duration

in the nine species studied ranged chin monkeys and in one cyvnomolgu% of electrical systole increasqed as the
from 0.08 mV in the stumptail ma- macaque. lP-wave duration was long- heart rate decreased. The squirrel andi
caques to 0.35 mV in the capuchin est in the rhesus and lpatas species capuchin monkeys, Hin - 2,50 andi 2310,
monkey, which was mignificantly (t0.04 ± 0.01 s) and Shortest in the respec-tively, had the shortest QT in-
higher than it was in the other Species. stumptail macatques (0.02 ±0.01 s). terval 10.15r I .0 s). The longest
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peared to be from. one ectopic focus.
260- a Erythrocebus Patas Incomplete left bundle branch block

b Macca mualtawas noticed in one cynomolgus ma-
bMacaca macloies caque and in one African green mon-

Maaaartie key. Right bundle branch block was
C erCopitheCus aethiops seen in one capuchin monkey and in

CMacaca fascicularis one squirrel monkey.
d Macticm nemnistrina

240- Macacm radiata Dsuso
Cebuis aPella Dsuso

e Saimiri scoureus General-Significant (P - 0.01)
C sex or weight differences in F.(-; pat-

P <0.001 ALL COMPARISONS terns were not seen. This agrees with
OF SLOPES data repo~rted for the bonnet mia.

- caque." the squirrel monkey,"~ the
(a Japanese macaques, ~ the Celebesb ~ape," and the rhesus macaque.'~ -Sinus

- arrhythmia was noticed in three 4)1 25

W rhesus mlacaques. This arrhythmia is
1 _ ~generally uncommon in mionkey' s. but
< has been reported in rhesus macaques

a: 200- with slower heart rates (less than 1.50(/

cr Heart Rate-The HRt of' the cv-
nomolgus mionkey (203 beat s/minute)

z was somewhat higher than that re-
ported by To k et al'' (179 beat.s'/

180- minute) and was lower than that rv-
a ported by lDeWaart and Storm"' 225

beats/minute). This ma %, lhe a reflet'-
- ~tion on the greater number of' nion-

ke ' s us-ed in this situdY. The mean im
of rhesuis miavaques in this stoudy' 1178
heats/minte) was sti. *atiestliv-

160- tized monkeYs, as it';xirtedl Iw oth-

Tlhe HKt of' the squirrel tnonkey'
(254) beats/inuntel wats higher t hanl
the HR in ot her species sItuied, ht

-- I corresp~onds to that repiorted by W~olf
0. 14 0.'18 0.22 0.2 6 el al' ,(1248 beat s/minuteP) ill s(KliiilQ~i ~OT INTERVAL (s) t hiopental anesthetized squirrel mon-

keys.
Fig 2-Relationship of OT interval and MR in nine species of monkeys. Species with similar slopes Previous data on the pigtail ma-
(P > 0.001) were grouped together. cadque were not aivailabile, but t he it

noticedi in the present stu tidy w:sium-
mean QT interval (0.22 ± 0.02 s) was auF. It was usually inverted il it', ilar to t hat relit), ed for i het .1a; iev
in the stumptail macaque (HR - 156). and frequently inverted in aVI.. In- macuetltC Al A~ -1 ,' ' I'l, oijii ilt
The relationship of the Qi'interval to verted T-waves in lead I I were not iced of the stumiptail niacaqute i1.56 heats
the HR is shown (Fig 2). There were inifrequently. uhintile) was wit hin the range reported
significant (P < 00l~)1) species differ- I)v~ Malhott vt atl." Thel mneant tit'
enres in the slopes derived from the Abnormal Tracings-'lhe fre- the t-altitdtiti uuiitke ' has beeni re-
data. Rthesus and stumptail macaqutes qunc of abnortmal F.(,( in t lit- species Itortedloto e220) lats minute. Niom-
did not differ significantly (Pi = 0011) sttdied was low. Low voltage record- keys int ille presenut sto. had~I~uIa mevan
nor did the cynomolgus andl African ings (it-wave < (IunV in lead II I were iil ol' 23 ± 27. TIhe' uto-ai ft it ite
green monkeys. Tlhe bonnet, p~igtail, noticedl in 64" ol'the stuniptail m1on- boninet tIlacatiltes ill hlis still].%i 19;
and capuchin monkeys were not Sig- kys. 441" (of the bonniet mat-aqjuts, beats tlinutte) was i~ilhuin thv ralage
nificantly different from each other. 38$'i of the pigtail mavaques, 12 r~ of' reported by Hahialluit el A., The

the rhesus maraques. and 13 "( of the mean ttt of t he Afrii'ati gtevii and
T- Waee-The T-wave of the mion- squirrel monkeys. patas mo'nkev'Ns was IS1 Iand 152 hevats

keys studied was usme' ly positive in Prenitturr ventricuilar contrac- minilt , respectivelv. Othert dta are
leads 1, 11, 111. and at._ The 'F-wave lions were seen occasionally ill rhesuis not av"ailable on thlese sliecies. Tlhe
was frequently isovuectrtc in leads I macaques and squirrel mionkey* s. Pre- tnon ail resting tilt of taged tliilkvevs
and [11, but was seldom so in If and mature beats occurred singly and ap- is In1 flahl cons;idt'ralY lower thani
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values reported in the present study. R- Wave-Alt bough the criteria 4. Rukin A, Higdon HH The electrocar-
Maliow t a" rportd H aslowas or lw vltae tacins hve eenset diogram of normal and malania-infected mon-
Maliow t a ' rpored R a lowas or ow vltae tacigs hve eenset keys. J Lab (.'ia Med 34:1105-1108. 1949.

86 beats/minute in rhesus macaques, at an R-wave amplitude of less than 5. Singh R, Chakravarti RN. Chhuttani
recorded by an ECG transmitter, but 1.2 mV in lead 11 by other authors,t:17  PN. et at: Electrocardiographic studies in rhe-
noticed extremely high HR (257 beats/ R-wave amplitudes seen in the ma. sus monkeys. J Appl Physiol 28:346-349.,1970.

minue) n rstrined noanethe caqes n te pesen stdy erecon6. Malhotra V. Pick R. Pick A. et al: Elec-
minte rh es ind noaete aue ntepeet td eecn trocardiographic studies in the stumptail ma-

tizeu heu macaques." Because of sistently less. caque (Macaca arcloides). J Electrocardiol 8:
the increase in HR due to handling The African green and patas mon- 247-251, 1975.

*before induction, a relative decrease keys had a higher R-wave amplitude 7. Malinow MR. DeLannoy CW Jr: The
in HR was noticed during ketamine than did the other species studied. electrocardiogram of Macaca fuscata. Folio

anstesaasha benoberedin Pevou dtahae otben eprtd Primatol 7:284-291, 1967.1ansimeiaalarl fonosrvdi revthes dto aentbenrpre 8. Noguchi Y, Tawara 1, Kondo K. et at:
man smlryanesthetized, o hs w species. Electrocardiographic studies in the Japanese

monkey (Macaca fuscata) with special refer-
*P. iWare-The P-wave duration of T- Ware-The T-wave patterns in ence to the effect of anesthesia with barbitu-

the nine species studied ranged from the cynomolgus macaque corre- rates. Primates 10:273-283, 1969.
0.02 to 0.4)4 s. and corresponds with sponded with those reported for M 9. Malinow MR. IDelannoy CW: The elec-

prviusreotS.2.2.1 muat. lhuhreoaiaina: rocardiogram of' ynopithecus niger. Fiplia
prvosrpr P-pulmonale mlta:Ahog elritonb Primatol 4:66-73,11966.

was noticed in several monkeys, as normalities have been reported,:"- 10. Osborne BE. Roberts CN: The elect ro-
has been previously reported. .7. 2 and they were seldom noticed in this cardiogram (ECGI of the baboon (Papio sppl.
is probably a normal variant. It was studly. Lab Anim 6:127-133, 1972.

motoften seen in the capuchin mon- 11. Levasseur JEF. Corley KC. Butler RM,
mostAbnormal Tracings-Left axis de- et at: Long-term measurement of pulsatile blood

key's in this study~. vito a h otfeun bo- pressure and ECG in the squirrel monkey. J
viaton as he ostfreuen abor- Appi P/iysiol 32:271-275. 1972.

Mean E~lectrical Axis-The MIRA mality noticed and has been reported 12. Wolf RH. Lehner NDM. Miller EC. et
of the cynomolgus monkeys was sim- in several species."""I Varying de- at: Electrocardiogram (if the squirrel monkey. v

*ilar to that seen before."'M" As in pre- grees of bundle branch block have Saimiri sciureux. J Appi PhYsiol 26:346-351.

iosstudies, atendency toward l.,ft been reported,' 7 ' but occurred in- 1. RhmnH rhr .Kihaor
axis deviation was noticed in the cy- frequently in this study. thy RV: Comparative haematology. haemo-
nomolgus macaque. Frequent left axis - Low voltage recordings were no- chemiistry and electrocardiography of the slen-
deviation also has been reported in ticed in several species in this study der loris and bonnet mionkey. Lob Anim 9:69-

the Celebes ape." in which 37; of the and have been reported in rhesus ma- 78. 975. wczM SharzWL e
* ~apes studIied had a MEA less than 4) caques,:' Celebes apes," and squirrel Crd 1)eta:helerorigavco-

degrees. monkeys.' cardiogram and spatiocardiogram in the capu-
The MEA of rhesus monkeys was -Premature ventricular contrac- chin monkey (Cebus aPellat. Zentralbl Vcieri

directed slightly mnore to the right tions were infrequent; this may be naermed (A 1 18:206-218. 197 1.

* than it was in the other species, as has because ketamine appears, to have a 1h5I. Toback .IM. Clark.JC. Moorman W.J:
heelectrocardiogram of Macace fasciculoris.

been previously reported.: This was weak antiarrhythmic effect."5 This ar- Lab Anim Sci 28:182-185. 1978.
also noticed in the patas monkeys al- rhythmia was relatively frequent in Iii. tDeWaart A. Storm C.J: Electrot-ardi-

though severe right axis deviation did monkeys anesthetized with other ographic observations on Jiapanese monkeys.

not occur. The MEA of the bonnet and agents. i-1 5' Ar-ch Neerl PhYsiol 20:255-277.19:15.
piti aauswssmlrt he Ktmn yrclrd sasf 17. Banknieder AR. Phillips .IM. .Jackson

pigtil iacaueswassimiar o te Keamie hyroclorde i a afe KT, et at: Comparison of ketanjine with the
MIKA in cynomolgus macaques, but left anesthetic agent for use in nonhuman combination of ketamine and zvlazine for effec-
axis deviation was uncommon, primates and was found to cause no tlive anesthesia in the rhesus monke ' I Macera

significant alterations in the 1FCG Of mulattal. Lab Anim Sri 28:742-745.,1978.
PR and QT Interv'al..-Wander- monkeys studied. There was little sig- A8. Haskins SC. Peiffer RL .Jr. Stowe CM:

Aclinical com~parison (ifCTIM4I. kelamine. and
ing pacemakers were not noticed as nificant difference in mean values be- zylazine in cats. Am .1 Vet Res 36:1537-1543.
had been reported." As seen in Japa- tween the Macaca spp studied. The 1'975.

nese. Icynomolgus,'" and rhesus ma- New World monkeys (Saimiri ,;ci- 19. Horwitz Li): Effects of intravenous an-
caqtues,1 baboons,"' and squirrel mon- ureus. and ('ebus apella) also tended esthetic agents oin left ventricular function in

kes, 2 teP anQTitrasd- to have similar mean values, dogs. Am J Phiol40 232:1-44-1,148. 1977.
keys thePR ad QTintevalsde-20. Ochsner AJ, Ill: C'ardiovascular and

creased with an increase in HR in all In general, the data presented respiratory responses to ketamine hydrochlo-
the species studied, although definite were comparable with earlier investi- ride in the rhesus monkey (Mavcae ulattal.
species differences were noticed in the gations but incorporated greater num- Lab Anim Sri 27:690-71. 1977.
relationship between QT interval and bers. of monkeys, including several 21. Malinow MR. H-ill JI). Ochgner AJ. I11:

I tdHeart rate in caged rhesus monkeys I Macace 4;f
HR. species not previously repoed. mulattal. Lab Apum Sci 24:537-MOt. 1974.
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